Acalypha indica is a weed that grows in South-East Asia. It contains several valuable compounds that can be used for curing various diseases such as rheumatism, skin infection and blood dysentery. Here, the extraction of A. indica using Soxhlet extraction with two different solvents and supercritical CO 2 extraction (SCE) with two different temperatures (40 and 60°C) was performed. In Soxhlet extraction, ethanol solvent provided the highest extraction yield of 34.36%. For SCE, the increased temperature has positive effect and the yield of the SCE process (the highest extraction yield was 0.89%) was lower than that of the Soxhlet extraction using hexane (8.3%). Then, the extracted compound profilings were analysed by gas chromatography-mass spectrometer (GC-MS). The extraction selectivity of active compounds obtained from each extraction methods was observed. These results suggested the trade-off between yield and selectivity of extraction to obtain bioactive compounds from A. indica.
INTRODUCTION
Acalypha indica is one of weed plants that contains important phytochemicals for human health applications. It can be found commonly in India, Pakistan, Sri Lanka and Thailand. The extracts of this plant from leaves, roots and stem parts are used for medicinal purposes to treat various diseases such as the skin problems, eye infections, respiratory problems, rheumatism and to decrease blood sugar level [1] [2] . Moreover, A. indica extract shows antibacterial activity and it has a cat attractant compound that has an effect on cat behavior 3 . Different extraction techniques are used for obtaining active components from A. indica [4] [5] [6] . Generally, Soxhlet extraction has a high efficiency, but the thermal stress might degrade target components. Solid-liquid extraction is usually performed at lower temperature, but shows a lower extraction efficiency. Both methods can be performed by using different solvents as a selective extraction 7 .
In some cases, supercritical fluid extraction (SFE) gains interest for this application. At specific condition of pressure and temperature, the supercritical fluid has behavior between liquid and gas. Supercritical fluids are similar to liquid that has high density as well as they are similar to gas that has elevated diffusivity and low viscosity. CO 2 is commonly used in SFE because it has several unique characteristics and physical and chemical properties including being non-toxic, non-flammable, inexpensive, as well as a low critical pressure and temperature when compared with other solvents [8] [9] . There are several parameters that have effects on performance of the SFE method such as temperature, pressure, extraction time and type of solvent. SFE technique could be coupled with the solvent such as ethanol, CO 2, propane, butane, or ethylene and it has been received interest in many researches and also in chemical, food, pharmaceutical and biochemical industries 10 . Although several extraction methods can be used to obtain natural compounds from plant, the SFE can avoid some disadvantages observed in other methods.
In this study, we aimed to study chemical profiling of A. indica obtained from different extraction methods to identify chemical composition and yield depending on the characteristic of each extraction methods. The abundance of specific active compounds was analyzed to select the highest efficient extraction method to further apply in larger scale of production.
MATERIALS AND METHODS

Plant material preparation
The whole plants of A. indica were collected from Central part of Thailand, near Bangkok. The samples were collected in October 2015, when the ambient temperature was about 32 -35°C. They were dried under sunlight for 3 days. The moisture content was 6.88%. It was determined gravimetrically by drying 100 g of sample in a hotair oven at 105 °C for 5 h and measuring the loss of sample weight. Then, samples were crushed with basic analysis mill (IKA A11, Germany) and particle sizes were screened by sieving machine (Retsch AS 200, Germany). A particle size of 300-400 µm was selected for all extraction experiments.
Soxhlet extraction
Fourteen grams of A. indica powders were subjected to Soxhlet extraction by placing in thimble and then transferred to a Soxhlet extractor. The bottom of extraction flask was filled with 250 ml of solvents (ethanol or hexane). The solvent was heated under reflux for 2 h. After an extraction run was completed, the solvent was removed at 80 °C with a rotary evaporator. The extracted samples were collected for analyzing the extracted components. Finally, the extraction yield was calculated as shown in equation 1.
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Supercritical fluid extraction
Supercritical extraction was carried out in a Speed SFE unit (Applied Separation, Allentown, PA) ( Fig. 1) . Sixty-seven g of dried A. indica powder was packed in 300 ml extraction vessel, which was covered by insulated furnace (sample volume occupied 83% space volume of vessel). Initially, the vessel was filled with supercritical CO 2 pumped from a storage cylinder. The plant materials were extracted by flowing of supercritical CO 2 with up-flow direction. The volumetric CO 2 flow rate was measured by a gas flow meter with 28.25 g/min of average CO 2 mass flow. The experiments were accomplished at a constant extraction pressure of 300 bar and temperatures of 40 and 60 °C for an extraction time of 90 min. Then the vessel was depressurized to atmospheric pressure. During the experiment the extracted substances were collected within the vial for further analysis by GC-MS.
gC-MS analysis
Components of plant extracts were analyzed by GC-MS. The analysis was performed using a Shimadzu GCMS-QP2010S system equipped with a HP-5MS column (30 m x 250 µm; 0.25 µm film thickness), using Helium as carrier gas. The oven temperature was set at 40°C hold for 1 min, 280°C at 5°C/min and 280°C hold for 5 min. The sample was injected to column at split ratio of 30:1. The MS scanning time was set at 1 sec period and mass range of 35-700 amu. The MS spectra were aligned with NIST database (year 2011). The amount percentages of compounds were calculated by area normalization method.
RESULT AND DISCUSSION
In Soxhlet extraction, ethanol and hexane were used as solvents in this study. The experimental results showed that the extraction yield obtained by using two solvents were quite different. Clearly, ethanol extraction showed four times higher yield than hexane over the same extraction time. The extraction yield extracted by ethanol at 2 h was 34.36% which was nearly four times from hexane at 8.30% (Table 1) . From this extraction experiment, the solvent types and properties have a strong influence on extraction yield. Ethanol solvent achieved the higher extraction yield because ethanol, owing to its polar nature, can extract not only the polar compounds that are not dissolvable in hexane, but also non-polar components.
In SFE, the constant pressure of 300 bar and temperatures of 40°C and 60°C were selected. When the temperature was increased from 40°C to 60°C, the extraction yield increased from 0.6586% to 0.8924% indicating that higher temperature has a positive effect on the extraction yield. Therefore, the increase in the extractability of compound within this temperature range was caused by enhanced solubility of extractable substances in supercritical CO 2 . However, increasing of operational temperature could have negative effect on the extraction yield, depending on extraction pressure. For example, SFE was previously applied to extract active compounds of Eucalyptus leaves. It was demonstrated that increasing temperature resulted in a decrease of extraction yield at low pressure. Oppositely, at high pressure, the extracted yield increased when operational temperature increased. This observation is in agreement the general know-how that an increase in temperature is only positive at higher pressure level. Otherwise at higher temperatures the decrease in SCF density is the dominating effect, resulting in lower extraction yields 9 .
In order to identify the chemical composition of extractants obtained from Soxhlet and SFE, the samples were analyzed by using GC-MS. Based on the chemical profiles, the ethanol-Soxhlet extractants had the most numbers of chemicals (36 compounds). While, the hexane-Soxhlet extractants, SFE at 40°C and SFE at 60°C had 19, 23 and 27 compounds. The ethanol extracts contained compounds that were not detected in hexane-Soxhlet. In SFE extraction, the numbers of compounds extracted at 60°C were higher than those obtained by SFE at 40°C, although most chemical members were similar, which 73.91% of members obtained from SFE at 40°C were belonged to SFE at 60°C.
To investigate the chemical profiling of each extractant, the relative abundance of each chemical was calculated and ten compounds that were the most abundant chemicals of each extractant were listed as shown in Fig 2. To find the biological properties of these top ten abundant chemicals in extractants, only the chemicals whose properties and activities have been studied previously were described here ( Table 2 ). The ethanol-Soxhlet extractant contained 9-Tricosene (4.63%), phytol (12.49%) and MOME inositol (27.22%), while the hexane-Soxhlet extractant contained dihydroactinidiolide (1.31%), loliolide (1.92%) and phytol (37.16%). For SFE, the extractant at 40 °C was composed of docosanol (3.68%) and phytol (16.15%), while extractant at 60 °C was consisted of 1-eicosanol (6.64%), phytol (26.60%) and 1-triacontanol (32.52%). Although [30] [31] . bis(2-ethylhexyl) ester *ESE = ethanol-Soxhlet extraction, HSE = hexane-Soxhlet extraction, SFE1 = SFE at 40 o C and SFE2 = SFE at 60 o C there were many active compounds obtained from A. indica extractants in this study, these top ten abundant compounds could be considered to be potential candidates for production in large scale based on its quantitative availability.
Based on lists of active compounds obtained from A. indica (Table 2) , the extraction selectivity of each method was demonstrated. Theoretically, hexane and CO 2 SFE are suggested to extract non-polar compounds based on the solvent polarities. Therefore, the similar patterns of chemical profiles from these two methods should be expected. However, there were only two active compounds, phytol and dihydroactinidiolide, observed in both hexane and SFE fractions with much difference of percent abundance. For example, there was 1.31% of dihydroactinidiolide in hexane fraction, but there was only 0.27% and 0.48% in SFE at 40 o C and 60 o C, respectively. Clearly, active compounds, including docosanol, 1-eicosanol, 1-triacontanol, Tricosane, 9,12-Octadecadienoic acid (Z,Z), methyl ester, Hexanedioic acid and bis(2-ethylhexyl) ester, were extracted only by using SFE Difference of chemical profiles was not only found in the types of members but also abundance of chemicals. The results here showed that three active compounds, including phytol, dihydroactinidiolide and loliolide were differentially extracted from A. indica in abundance although they were found in different extractants (Table 3) . Dihydroactinidiolide, a cat attractant, is similar to nepetalactone, which found in catnip plants 15 . In this study, dihydroactinidiolide was obtained with the highest abundance when using hexane-Soxhlet extraction and this is about 5 times more compared to SFE at 40 °C. It is known that hexane is a nonpolar solvent and dihydroactinidiolide as non-polar compound thereof more easily extracted by hexane. On the other hand, 1-eicosonal and 1-triacontanol were abundant in the extractant obtained from SFE at 60 °C. with 6.64% and 32.52%. These two active compounds have interesting biological activities as tumor inhibitor and plant hormone, respectively [20] [21] [22] [23] ( Table 2) . Using SFE method, very high extraction selectivity could be achieved, but with lower product yield (Table 1) . Therefore, it is important to consider the trade-off between selectivity and yield of targeted active compound to fit with downstream fractionation for further applications.
CONCLUSION
In this study, two different extraction methods of A. indica were performed for isolation of valuable components. The extraction yields and chemical composition obtained by Soxhlet and SFE were also compared. The extraction selectivity of each method revealed differential chemical profiling of active compounds that have been shown previously to have importance and potential in medicinal and biological uses, such as antimicrobial, plant and animal pheromones, anti-tumor, anti-cellular senescence. The results of chemical profiling from this study could be used to compare with previous studies about extraction of A. indica to better understand the chemical mechanism of this plant to be used for further applications in medicinal and biological purposes.
